Hemicelluloses are the second most abundant renewable carbohydrate sources in nature and represent about 20-35 % of lignocellulosic biomass. As the major component of hemicelluloses, xylan is available in huge amounts as a by-product of forestry, agriculture, agro-industries and wood pulp and paper industries. Xylan can be selectively removed from lignocelluloses to increase the porosity of fibres, through which cellulase is able to access the polymer as well as avoid numerous inhibitors from pentose and hexose sugars during acid pretreatment (Dodd & Cann, 2009; Uffen, 1997; Viikari et al., 1994) . Recently, there has been increasing interest in the bioconversion of xylan-rich biomass because of its practical applications in various agro-industrial processes, such as enhancing the digestibility of animal feedstock, providing insect nutrition, converting renewable energy and producing valuable chemicals (Saha, 2003) .
Many mesophilic and thermophilic xylanolytic anaerobes with optimum growth at around pH 7.0 have been isolated from sources such as animal faeces, fresh water, swamp, soil, a decayed tree, an oil-producing well and a methanogenic reactor (Fardeau et al., 1997; Yokoyama et al., 2010; Nishiyama et al., 2009; Rivas et al., 2004; Wagner & Wiegel, 2008) . Since xylan has better solubility at alkaline rather than neutral pH, more attention should be focused on alkaliphilic anaerobic xylan degraders. So far, only a small number of xylanolytic, alkaliphilic, anaerobic species have been described, including Amphibacillus xylanus, Amphibacillus fermentum, Amphibacillus tropicus, Alkaliflexus imshenetskii, Caldanaerovirga acetigignens and Clostridium alkalicellum (Niimura et al., 1990; Wagner et al., 2009; Zhilina et al., 2001 Zhilina et al., , 2004 Zhilina et al., , 2005 . We expect to exploit more xylan-degrading alkaliphilic anaerobes for biotechnology applications, such as obtaining novel alkaline enzymes to yield fermentation products such as acetate, propionate, lactate and ethanol, and to extend our knowledge of xylanolytic microbial diversity.
Strain SC/BZ-SP2
T was isolated from a mixed water and sediment sample (pH 20 uC 9.8) collected in April 2010 from Soap Lake, a meromictic, alkaline (~pH 9.8) and saline (~1.5-14 %, w/v) Dimitriu et al., 2008) . The sample was immediately transferred to sterile N 2 -full serum bottles, tightly sealed with butyl rubber stoppers, kept at room temperature during transportation and subsequently stored at 4 u C until ready for use. For initial enrichment, 0.5 g mixed sample and 0.5 % (w/v) beechwood xylan (.90 % xylose residues; Sigma-Aldrich) were added to 10 ml modified anaerobic basal (MAB) Patel et al., 1980] . The beechwood xylan was dry steam-sterilized in aluminium foil packets to avoid hydrolysis during autoclaving. The medium was prepared anaerobically in O 2 -free N 2 and autoclaved at 121 uC for 45 min. The final pH 35 uC was 9.7. After incubation at 37 uC for 5 days in darkness, 1 ml culture was transferred into 9 ml fresh medium and incubated for another 5 days. There were five rounds of subcultivation. During incubation, biogas in the headspace could be detected and microbial cell growth was observed. Strain SC/BZ-SP2
T was isolated from a single colony obtained from a dilution series with 1.6 % agar using the shake-roll tube technique (Ljungdahl & Wiegel, 1986) and was subcultivated to obtain a pure culture. The isolate was maintained in MAB broth with 0.5 % (w/v) beechwood xylan as the sole carbon and energy source at pH 35 uC 9.7 and 37 u C under anaerobic conditions. For shortterm preservation, cultures were stored on the bench at room temperature and subcultivated every 30 days. For long-term preservation, cells were suspended in medium containing 30 % (v/v) glycerol and stored at -80 u C.
Colonies of strain SC/BZ-SP2
T were salmon to pink, opaque, circular and convex and approximately 1-2 mm in diameter on MAB agar containing 0.5 % beechwood xylan after incubation for 5 days at 35 uC under anaerobic conditions. Cell morphology was observed by phasecontrast microscopy (VanGuard 1220 CM) and scanning electron microscopy (Hitachi S-570). Cells in liquid medium at exponential growth phase were slender, flexible rods, about 0.4 mm in width and 3.2-7.8 mm in length (Fig. 1a) . Spore formation was not detected. Gram-staining was performed by the standard Gram-reaction and the result was confirmed by the KOH test (Baron & Finegold, 1990) . Cells negatively stained with 1.0 % (w/v) phosphotungstic acid were used for the observation of flagella by transmission electron microscopy (DSM-960; Zeiss) (Fig. 1b,c) .
For physiological analysis, MAB broth was supplemented with 0.5 % (w/v) cellobiose as the carbon source and 0.02 % (w/v) yeast extract, unless specified otherwise. Growth at pH 7.0, 7.3, 7.5, 8.0, 8.5, 9.0, 9.5, 9.7, 10.0, 10.5 and 11.0 (with the pH of the medium adjusted with 5 M HCl or 5 M NaOH), at 4, 8, 12, 16, 20, 25, 28, 30, 33, 35, 37, 40 and 42 u C, and with 0.35 M Na + (0 %, w/v, additional NaCl), 0.44 (0.5 %), 0.52 (1.0 %), 0.69 (2.0 %), 0.86 (3.0 %), 1.03 (4.0 %), 1.20 (5.0 %), 1.38 (6.0 %) and 1.46 (6.5 %) (in carbonate-buffered medium at pH 35 uC 9.7 and 37 u C) was investigated by the measurement of OD 600 with a DR 2700 portable spectrophotometer (HACH). Strain SC/BZ-SP2
T was obligately anaerobic, as demonstrated by no growth in non-reduced medium (pink oxidized resazurin medium; Sigma-Aldrich). Growth occurred at pH 35 uC 7.5-10.5 (optimum pH 35 uC 9.7) but not at pH 35 uC ¡7.3 or ¢11. At pH 35 uC 9.5, growth occurred at 8-40 u C (optimum 35-37 u C), but not at ,4 or ¢42 u C. Growth occurred with 0.35-1.38 M Na + (optimum 0.44-0.69 M Na + ), but not with ¢1.46 M Na + . The need for Na + was determined in medium where NaCl, NaHCO 3 and NaCO 3 were replaced with equimolar concentrations of KCl, KHCO 3 and K 2 CO 3 . Strain SC/BZ-SP2
T was obligately dependent on Na by GC (CP-3800; Varian), a change from brown to clear for MnO 2 and production of nitrite or ammonia for the reduction of nitrate and nitrite, as described by Ogg & Patel (2009) . Strain SC/BZ-SP2 T reduced thiosulfate (20 mM) and sulfite (20 mM) to sulfide. Fermentation products from 1 % (w/v) beechwood xylan were quantified under optimum conditions in MAB broth. The main endproducts in the stationary phase were propionate (29.5 mM) and acetate (21.2 mM). Minor amounts of butyrate (1.51 mM), iso-valerate (0.41 mM) and ethanol (1.21 mM) were produced. Methanol and hydrogen were not detected.
Oxidase activity was determined by oxidation of 1 % paminodimethylaniline oxalate. Catalase activity was determined by bubble production from 3 % hydrogen peroxide. Other enzyme activities were tested anaerobically using the API ZYM system (bioMérieux). Strain SC/BZ-SP2 T was positive for alkaline phosphatase, esterase (C4), esterase lipase (C8), acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-galactosidase, b-galactosidase and b-glucuronidase. Other phenotypic features of strain SC/BZ-SP2 T are presented in the species description and Table 1 . Some Alkalitalea saponilacus gen. nov., sp. nov.
features are in accordance with species with validly published names, whereas others, for example pH and Na + ranges for growth, presence of flagella, hydrolysis of substrates and utilization of carbon sources, differentiate strain SC/BZ-SP2
T from closely related taxa.
For analysis of cell-wall sugars, cells were hydrolysed in 0.5 M H 2 SO 4 for 2 h at 100 u C. H 2 SO 4 was removed by 20 % N,N-dioctylmethylamine in chloroform as described by Whiton et al. (1985) . The sugars in the hydrolysate were analysed by TLC on cellulose plates according to Staneck & Roberts (1974) . The cell-wall sugars of strain SC/BZ-SP2 T were ribose, xylose, galactose and glucose. For cellular fatty acid analysis, cells of strain SC/BZ-SP2 T and Alkaliflexus imshenetskii DSM 15055 T were grown in liquid medium (Zhilina et al., 2004) supplemented with 0.5 % (w/v) cellobiose, 1 ml trace element solution l 21 and 0.02 % (w/v) yeast extract at 37 u C for 48 h and harvested by centrifugation. The cellular fatty acids were determined by GLC (MIDI) using the standard protocol (Sasser, 1990) . The major fatty acids were iso-C 15 : 0 (31.51 %), anteiso-C 15 : 0 (18.02 %), iso-C 17 : 0 3-OH (9.40 %), C 17 : 0 3-OH (5.97 %) and C 15 : 0 3-OH (5.81 %). The minor fatty acids included C 15 : 1 v6c (3.99 %), C 16 : 0 (2.63 %), C 17 : 0 (2.58 %), C 17 : 1 v6c (2.50 %), C 16 : 0 3-OH (2.33 %), iso-C 15 : 0 3-OH (2.33 %), C 17 : 0 2-OH (2.14 %), C 18 : 0 (1.34 %), iso-C 16 : 0 3-OH (1.32 %) and iso-C 16 : 0 (1.19 %). The proportions of the major fatty acids of strain SC/BZ-SP2
T differed from those of the reference strains (Table S1 , available in IJSEM Online).
The G+C content of genomic DNA of strain SC/BZ-SP2 T was determined in triplicate by the thermal denaturation method (Gerhardt et al., 1994) using DNA from Escherichia coli K-12 as a control. The G+C content was 39.5± 0.9 mol%. DNA-DNA hybridization was performed by the thermal denaturation and renaturation method (ZakrzewskaCzerwiń ska et al., 1988). Strain SC/BZ-SP2 T exhibited 7.2±1.5 % DNA-DNA relatedness with DSM 15055 T , a value clearly below the 70 % threshold generally accepted for the delineation of species (Stackebrandt & Goebel, 1994 ).
For 16S rRNA gene sequence analysis, genomic DNA of strain SC/BZ-SP2
T was extracted using a Microbial DNA isolation kit (MoBio). A nearly full-length 16S rRNA gene sequence (1499 bp) was obtained using primers 8F and 1492R, as described previously (Zhao et al., 2010 T (Suzuki et al., 1999; Veldkamp, 1961) and Anaerophaga thermohalophila Fru22 T (Denger et al., 2002) , respectively. Less than 90.0 % 16S rRNA gene sequence similarity was observed with members of genera of the family Marinilabiliaceae. The low sequence similarity between strain SC/BZ-SP2 T and its nearest neighbour, Z-7010 T , indicated that the isolate was distinct from other members of the family Marinilabiliaceae on the basis of the widely accepted criterion that strains with ,95 % 16S rRNA gene sequence similarity between each other are regarded as belonging to different genera (HornerDevine et al., 2004) . In addition, strain SC/BZ-SP2 T exhibited 98.7 and 94.4 % 16S rRNA gene sequence similarity with unidentified strain AP1 and uncultured clone 57, which were detected in a soda lake and activated sludge, respectively.
To clarify the phylogenetic position of strain SC/BZ-SP2 T , 16S rRNA gene sequences were aligned using CLUSTAL X version 2.0 (Larkin et al., 2007) . Phylogenetic trees were generated using the neighbour-joining (Saitou & Nei, 1987) , maximum-likelihood (Felsenstein, 1981) and maximum-parsimony (Kluge & Farris, 1969 ) methods using MEGA version 5.0 (Kumar et al., 2008; Tamura et al., 2007 Tamura et al., , 2011 . Each tree was a consensus of 1000 replicate trees. The trees generated using the three methods were in good agreement among each other. A representative tree is shown in Fig. 2 . Strain SC/BZ-SP2
T formed a distinct lineage within a cluster containing unidentified strain AP1 and uncultured clone 57 (bootstrap support 99-100 %) and was clearly separate from the genera Alkaliflexus, Marinilabilia and Anaerophaga, which suggested that strain SC/BZ-SP2
T should be placed in a new genus.
On the basis of morphological, physiological and chemotaxonomic properties, together with DNA-DNA relatedness and 16S rRNA gene sequence analysis, strain SC-BZ-SP2 T is a representative of a novel species in a new genus, for which the name Alkalitalea saponilacus gen. nov., sp. nov. is proposed.
Description of Alkalitalea gen. nov.
Alkalitalea [Al.ka.li.ta9le.a. N.L. n. alkali (from Arabic article al the; Arabic n. qaliy ashes of saltwort) alkali; L. fem. n. talea a rod; N.L. fem. n. Alkalitalea a rod living in basic surroundings]. Description of Alkalitalea saponilacus sp. nov.
Alkalitalea saponilacus (sa.po.ni.lac9us. L. n. sapo -onis soap; L. n. lacus-us a lake; N.L. gen. n. saponilacus from Soap Lake, WA, USA, where the type strain was isolated).
Cells are Gram-positive, obligately anaerobic, motile, nonspore-forming, slender, flexible rods (0.463.2-7.8 mm).
Colonies are salmon to pink, opaque, circular and convex and approximately 1-2 mm in diameter after anaerobic incubation for 5 days on MAB agar supplemented with 0.5 % beechwood xylan. Grows at pH 35 uC 7.5-10.5 (optimum pH 35 uC 9.7), at 8-40 u C (optimum 35-37 u C) and with 0.35-1.38 M Na + (optimum 0.44-0.69 M Na + ). Does not grow on non-reduced medium or without Na + . As electron acceptors (mM), utilizes SO 
